[Abstract] Even though autophagy was firstly observed by transmission electron microscopy already in the 1950s (reviewed in Eskelinen et al., 2011) , nowadays this technique remains one of the most powerful systems to monitor autophagic processes. The autophagosome, an LC3-positive double membrane structures enclosing cellular materials, represents the key organelle in autophagy and its simple visualization and/or numeration allow to draw important conclusions about the autophagic flux.
anti-LC3 antibody and gold probes conjugated to a secondary antibody allows the unequivocal identification of the autophagosome, and indirectly, permits to monitor autophagic flux.
Several approaches are commonly used for the immunogold labelling of cultured cells: pre-embedding (immunolabeling before resin embedding) and post-embedding methods (immunolabeling after resin embedding) including also Tokuyasu cryosections, where cryoprotected embedded specimens are firstly frozen by immersion in liquid nitrogen and then cut with cryo-ultramicrotome at -120 °C before immunolabelling (Tokuyasu, 1980; Eskelinen et al., 2002; Jager et al., 2004) . However, both techniques require at least 3 x 10 6 cells to obtain an adequate pellet for sample preparation, inferring that initial cell number is a critical factor to consider during planning of IEM experiments.
Therefore, we describe herein a pre-embedding protocol for autophagosome detection starting from small cell numbers (less than 0.1 x 10 6 cells), which allows performing IEM analysis in primary cells characterized by low replicative potential. We recently used this protocol to detect LC3-positive autophagosomes on populations of primary human keratinocytes transduced with retroviral vectors relevant to viral carcinogenesis (Mattoscio et al., 2017) . In principle, this methodology could be applied to detect other antigens of interest, since we used the same protocol also to study the subcellular localization of the SUMO-conjugating enzyme UBC9 (Mattoscio et al., 2017) , and may be used with different cellular species for which the initial cell number is also a limiting factor. 2.
Materials and Reagents
Plate the cells to be tested on these slides in appropriate medium to obtain a 60-70% confluency on the following day. 
Note: The goal of this step is to enlarge gold particles associated to the secondary antibody. To improve penetration and density labeling, gold particles of small size are preferable (1.4 nm).
Since 2. Replace absolute ethanol with a 1:1 solution of ethanol-embedding medium, on a rocking shaker for 2 h at room temperature.
3. Remove coverslips from the ethanol-resin mix, absorb the excess of resin with a paper tissue and place the coverslips on top of a drop of resin. After 1 h, move the coverslips to a new drop of resin (Figure 2A ). 
Data analysis
In this protocol, we applied a pre-embedding technique (immunolabeling before samples were embedded in resin) to detect LC3 in low-abundant cells preparation. We recently used this method to image both UBC9 and LC3-positive autophagosomes in primary human keratinocytes expressing either an Empty vector or HPV E6/E7 oncoviral proteins (Mattoscio et al., 2017) . Indeed, TEM analysis showed the presence of UBC9 inside double-membranes intracellular structures that we identified as autophagic compartments by LC3-immunogold TEM, suggesting an autophagic dependent route for UBC9 degradation. Although TEM is one of the best technique to evaluate the autophagic process, the fact that autophagy is a dynamic process makes it difficult to extrapolate meaningful data from a single ultrastructural snapshot. Moreover, some late autophagic structures are difficult to identify due to the degradative process that takes place upon fusion to lysosomes. In Figure 4 we reported the morphology of the autophagic structures (indicated by arrows) in human keratinocytes comparing side by side the classical EM preparation (left) with LC3 immunolabeling (right), illustrating typical results obtained following our strategy. The combination of the initial mild fixation with PFA alone and the pre-embedding staining allowed a better antigen preservation despite preserving detailed information on the cell structure ( Figure 4 ) and the labeling of cells with anti-LC3 antibody allows the unequivocal identification of the autophagic vacuoles. Moreover, cell fixation directly on microscopy slides without the need to scrape and pellet cells allows to work with a relatively low cell number and to maintain cell ultrastructure. Therefore, we believe that this protocol could be easily applied to detect additional low-abundant antigens in rare cell populations. However, a limitation of this approach is that it does not enable colocalization studies, which can be achieved only with postembedding EM using gold probes of different sizes. Note the membrane structure, LC3 positivity, and fusion with a lysosome (darker body). Mix the chemicals and dissolve in 41 ml of distilled water. This makes a milky solution. Then, add 9 ml 4% NaOH and the solution will become clear. Filter the solution and store in a dark glass bottle at room temperature
